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PREFACE 
The research for this thesis was carried out at 
the Worcester Foundation for Experimental Biology in Shrews-1 
bury, Massachusetts. I wish to acknowledge my indebtedness II 
to many of the people there for their .help in various phases ! 
of the work: in particular, to Dr. Ralph I. Dorfman, who 
directed these studies; Dr. Mika Hayano, who supervised the 
laboratory work, and who gave me her generous assistance 
and advice throughout the entire program; Miss Marjorie 
Lindberg; Dr. Harris Rosenkrantz and Mr. Paul Skogstrom, 
who performed the infrared analyses; and Mrs. Adeline s. 
Dorfman, Miss Constance Erickson, Miss Anne P. Merrill, and 
Miss Pauline Longo, who assisted with the bioassays. Also, 
to Dr. Isaac Asimov of the Boston University School of Med-
icine, who advised me during the research. 
In preparing the bibliography, an exhaustive 
search of the literature from 1928 to the present was con-
ducted, and only those papers found directly applicable 
were included. 
A portion of this work has been published in the 
Federation Proceedings of April, 1953 (19). 
ll 
II 
!I 
:, 
I 
viii. 
ix. 
-- - --- ====--="-='=======-#=-=::=== 
INTRODUCTION 
Statement of the Problem 
In recent years~ with the growing knowledge of 
the importance of the steroid hormones1 ~ many studies on 
the metabolism of these hormones have been carried out. 
The adrenal hormones in particular~ and their metabolism 
by various tissues have been the subject of a large number 
of these studies~ and a great variety of reactions have 
been shown. The 11-~-hydroxylation of desoxycorticosterone 
(DOC) 1 17a.-hydroxy-ll-desoxycorticosterone (Substance S)~ 
progesterone, and other steroids has been demonstrated by 
Hechter et al. (20) in beef adrenal perfusion studies. 
Hayano et al. (16,17,18) have shown this reaction with beef 
adrenal pomogenates~ and have succeeding in hydroxylating 
DOC, Substance S, allopregnane-21-ol-3,20-dione, and ~4-
androstene-3,17-dione at the 11-~ position. 17a. and 21-
aydroxylation have also been described (17,20). 
Another reaction which occurs with adrenal tissue 
is 6~-hydroxylation. Levy2 has obtained this reaction in 
beef adrenal perfusion and Haines (13) from hog adrenal 
brei. Murray and Peterson (27) have shown that Rhizopus 
arrhizus can transform DOC into ~4-pregnene-6~~21-diol-3,20-
dione. 
'====fl==:=~===-- -
I 
II 
A brief review of steroid structure and function will be 
found in the Appendix. 
2 Levy, H., and Kushinsky~ s.~ unpublished data. 
II 
I 
I 
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Some other in vitro reactions which have been 
round are 17a-hydroxylation in adrenal perrusions (20), and 
the transformation or a 65-3-hydroxyl group into a 64-3-ket ~I 
conjugated system. Thes~, and other in vitro transforma- l1 
tions are summarized graphically in Figure I.1 The steroid II 
nucleus in the center or this rigure is not meant to repre- I 
sent any particular compound, but merely to show the reac-
tive centers. 
Up to this time, however, comparatively little 
work has been done with the corpus luteum. Only two neutralll 
steroids have been isolated rrom this gland, in comparison 
with nearly 30 steroids which have been isolated rrom the 
adrenal (32). Progesterone was round in 1934 in the corpus 
luteum of the sow, simultaneously by a number or workers in 
dirrerent laboratories (4,15,42,44), and in 1949 this sub-
stance was isolated by Prelog and Meister (30) rrom the 
corpus luteum or the whale. The other compound which has 
been round is allopregnane-3~-ol~P-one, in the corpus luteu 
or the sow (5) and the whale (30). In vivo studies on pro-
gesterone metabolism (9) have shown it to be converted to 
and excreted as pregnane-3a,20a-diol. 
Few experiments haye been perrormed on the in 
vitro metabolism or steroids by the corpus luteum. Samuels I 
et al. (38) have found that the gland will oxidize 1>5- II 
pregnene-3~-ol-20-one to progesterone, thus transrorming , 
= - - -- - - -- - l 1 A complete- pr~sentation or stero~d m~tabol;sm may be round ] 
in Metabolism or Steroid Hormones, by Ralph I. Dorrman and ll 
Frarik Ungar, Burgess Publishing Co., 1953. 1 
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the 65-3-hydroxyl group into a 64-3-ketone. 
In 195~, Nissim (28) performed some incubations 
of a beef corpus luteum homogenate with desoxycorticosteronej 
acetate (DOCA) and found that the material which he extrac-
ted from the incubations possessed significantly more gly-
cogenic activity, as tested by the mouse liver glycogen 
assay, than did the DOCA. He postulated that the starting 
material had been transformed, by 11~-hydroxylation, into 
corticosterone and calculated on the basis of his bioassay 
results, a 3 per cent transformation. 
Considerable work on 11~-hydroxylation by adrenal 
homogenates had been done in the Worcester laboratory, and 
it was decided to determine whether the enzyme in the corpus 
luteum corresponded to the 1-1~-hydroxylase found -in the 
adrenal. Therefore; these studies were undertaken with 
that object, employing the incubation system which Hayano 
and Dorfman (18) had found to be optimal for the adrenal 
11~-hydroxylase. This system involved incubations of an 
homogenate at 38° C in the presence of fumarate, magnesium 
ions, adenosine triphosphate (ATP) and diphosphopyridine 
nucleotide (DPN) in a medium buffered to a pH of 7.4. 
It was also thought that an investigation of the 
in vitro metabolism of the corpus luteum might cast some 
light on another interesting problem; namely, the ability 
of the corpus luteum to replace in part the function of the 
Xii. 
adrenal. Stewart and Rogoff (35 7 36~37) in their studies 
on adrenalectomized dogs, observed that pregnant dogs and 
dogs in heat survived adrenalectomy for a longer time and 
in better health than non-pregnant dogs or male dogs. The 
survival period of the normal animals after the operation 
was 3-15 days. Pregnant dogs survived up to 59 days, some 
of them delivering live pups, and one of the animals which 
was in heat when operated survived for 65 days. 
Emery and Schwabe (10) have found that the pitui-
tary 7 acting via the ovaries, will ameliorate the symptoms 
of adrenalectomy in the rats for at least three weeks, and 
progesterone has been found to prolong the life of adrenal-
ectomized cats (6) and ferrets (11).1 
It has also been observed that arthritis frequent 
ly occurs after the menopause or after ovariectomy (14) and 
that the disease is often relieved temporarily by pregnancy 
(21). The relief of arthritis by the administration of 
some of the hormones of the adrenal cortex is now well 
known. 
In view of these facts, it seemed reasonable to 
postulate that the corpus luteum is able to supply steroid 
compounds which are capable of alleviating the symptoms of 
adrenal insufficiency in adrenalectomized animals. 
1It is interesting to note that DOC is able ~artially to 
replace the corpus luteum. Gros et al. (12) observed that 
DOCA_Wil ~roduca progestational changes in_the uteri of 
spayed cats, and Masson found the same effect in spayed 
rats (26). Kehl et al. (22) noted that in castrated, 
adrenalectomized, pregnant rats, 5 mg. per day of DOCA 
would maintain pregnancy, with living young being deliv-
ered in some cases. 
xiii. 
METHODS 
I 
I. TISSUE INCUBATION AND EXTRACTION PROCEDURES 
A. Collection of Tissues 
Beef ovaries were collected within 20~40 minutes 
after slaughter. The corpora lutea were dissected at once, 
frozen immediately on dry ice, and kept frozen until just 
before use. The tissues were used within one to two days. 
B. Tissue Preparation 
1. Fresh Tissues 
The frozen glands were removed from the dry ice 
and allowed to thaw in the refrigerator. While still 
partially frozen, they were cut linto thin slices with 
razor blades. These slices were then either homogenized 
in a Waring blender for 45-60 seconds, or ground with a 
mortar and pestle and' homogenized ~n a Potter-Elv~hjem 
ground glass apparatus. About 1 ml. of an incubation 
medium1 was added for each gram of tissue before homogeniz-
ing. The Waring blender homogenate was strain~d twice 
through four thicknesses of gauze to remove gross particles 
Residues and supernates were obtained by centrifugation in 
a Sorvall Angle Centrifuge (Type SS-1) for 25 minutes at 
Six parts o.f 0.17 M sodium fumarate at pH 7.4, one part 
of 0.12 M MgC12.6H20, and three parts of. 0.1 M sodium phosphate buffer at pH 7.4. 
1. 
1 5000 x g. Washed residues were made by taking up the resi-
due in several volumes of 0.9 per cent saline and recentri-
fuging. Fat agglomerates were removed from the supernate by 
pouring it through one layer of gauze. The residues were 
taken up in the incubation medium (see above), using 1 ml. 
of solution for each original gram of tissue. All proced-
ures were carried out in a cold room at about 5° C, using 
ice-cold reagents. 
2. Acetone Powders 
Corpora lutea, collected in the usual manner, 
were ground in a meat grinder, and the brei put in 10-20 
volumes of acetone. The mixture was stirred for an hour, 
filtered through a Buchner funnel, and the tissue extracted 
once with more acetone. The tissue was placed in a vacuum 
dessicator under suction and left there until it appeared 
to be dry. All procedures were carried out in a cold room 
at about -4° c. 
The powder was prepared for incubation by taking 
it up in · enough incubation medium (see above) to make a 
fluid preparation, letting it stand in the cold for an hour, 
and homogenizing in a Potter-Elvehjem ground glass apparatus 
c. Incubation Procedures 
The steroids were dissolved in acetone. 0.1 ml. 
of propylene glycol was added for each 2 mg. of steroid, 
1Calculated from the formula: Relative Centrifugal Force 
(RCF) = .00001117 r N2, where •r• is the radius of rotation 
in em. and 'N' is the speed in revolutions per minute. 
2. 
and the acetone was evaporated under vacuum at room tempera-
ture. Erlenmeyer flasks of 50 or 125 ml. capacity were used 
e for the incubation. The propylene glycol solution of the 
steroid was placed in the flask, the tissue homogenate ~~added, 
and the flask incubated by shaking constantly in a water 
bath at 38° C for one to two hours. Adenosine triphosphate 
(ATP) and diphosphopyridine nucleotide (DPN), dissolved in 
' 
distilled water and brought to neutrality by the dropwise 
addition of 10 per cent NaOH, were added 10-20 minutes after 
the start of the incubation. The final concentration of the 
cofactors was 0.002-0.004 M. The gas phase was air. 
D. Extraction Procedures 
Three methods were used: 
1. Dialysis 
The incubate was washed into dialysis tubingl 
using a minimum of water, anddialysed at about 5° c on a eon-
tinual rocker for 48 hours. 500 ml. glass tubes were used 
for the dialysis. 100 ml. of distilled water were put in 
each tube, and changed once after 24 hours. The combined 
water fractions were extracted three times with 50 ml. por-
tions of chloroform, and the combined chloroform extract was 
washed once with a few ml. of distilled water. The chloro.-
form fraction was dried over Na2S04, decanted into a round-
bottom flask, and distilled in vacuo at as low a ·temperature 
1 
Nojax, casing 18/32 
3. 
as possible. 
2. Deproteinization 
The incubate was poured into 10 volumes of either 
acetone or methanol, stirred for 2-3 hours in the cold, 
allowed to stand overnight, and filtered through a Buchner 
funnel. The combined extracts were distilled in vacuo at 
the lowest possible temperature to a 70:30 organic solvent-
aqueous mixture, and partitioned twice with an equal volume 
of ligroin to remove fats. The ligroin was discarded. The 
remaining acetone or methanol was removed by further vacuum 
distillation and the aqueous solution was extracted three 
times with an equal volume of chloroform. The chloroform 
extract was dried over Na2S04, decanted, and the salt washed 
with additional chloroform until the solution was colorles.s. 
The solvent was removed under vacuum. 
3. Direct Extraction 
The method of Meyer (26) for the extraction of 
perfused bloods with ethyl acetate was adapted for tissue 
incubates. The incubate was saturated with NaCl and trans-
ferred to separatory funnels, the flasks being rinsed with 
a small amount of saturated NaCl solution. The tissue was 
then extracted three times with ethyl acetate, each time 
using a volume of solvent equal to twice that of the incubat 
and shaking for about ten seconds at room temperatare. The 
combined extracts were dried over Na2S04, decanted, and the 
4. 
salt rinsed with more solvent until the washings were color-
less. The solvent was removed under vacuum. 
II. STEROID PURIFICATION AND DETECTION PROCEDURES 
A. Purification 
The oily residues obtained by the above extraction 
procedures were purified further by various chromatographic 
methods. 
1. Silica Gel Chromatography 
Residues from large incubations were usually frac-
tionated by silica gel column chromatography (24), using a 
weight of silica equal to sixty times the weight of the 
residue. The material was put on the column with benzene 
and eluted with benzene-ethyl acetate m~tures of increasing 
polarity, each elution consisting of 2 ml. of solvent per 
gram of silica. The final elutions were carried out with 
methanol, and, sometimes, acetone. The starting ~terial, 
desoxycorticosterone (DOC) came off the column with 5-1 and 
4-1 mixtures of benzene-ethyl acetate, and the products were 
found in the 1-1 and ethyl acetate fractions. The solutions 
were evaporated under vacuum at the minimum possible tempera 
ture, transferred to tared tubes with the aid of chloroform, 
dried under N2, and weighed. 
2. Paper Chromatography 
The fractions conta the products were also 
5. 
purified by paper chromatographyJ using the toluene-propyl 
glycol system of Burton and Zaffaroni (3,45) and the ligroin 
propylene glycol modification of Savard (39). Whatman #1 
filter paper was prepared by washing for 72 hours in a Sox-
let extraction apparatus with a 1:1 mixture of benzene and 
methanol. Paper strips 58 em. long and 1-15 em. wide were 
dipped in a 50 per cent solution of propylene glycol in 
methanol and blotted between layers of filter paper. The 
steroids, dissolved in chloroform, were applied to the start 
ing line with the aid of a current of N2• A 1 em. width of 
paper was used for each 1-2 mg. of steroid. 
After removal from the tank, the strips were dried 
overnight at room temperature in air, and the zones contain-
ing the steroids detected by various spotting tests (see be-
low). 
Paper chromatography was the sole means used in 
resolving the incubation products when small quantities of 
steroids (2-10 mg.) were employed. Residues from the incuba 
tions were transferred to graduated tubes with CHC13 , and 
evaporated under N2 to a volume of 0.3 ml. 0.1 ml. aliquots 
were placed on 1 x 58 em. strips in triplicate and developed 
for 2-4 hours. The relative mobilities of the compounds on 
paper were of value in determining their identity. In the 
toluene-propylene glycol system, DOC traveled on the paper 
at an average rate of 5 em. per hour, and A4-pregnene-6~J21-
6. 
diol-3,20-dione, one of the products, at an average rate or 
0.5 em. per hour. 
B. Detection Procedures 
1. Inspection under Ultraviolet Light 
The a-~ unsaturated ketone grouping in the molecul 
will absorb ultraviolet light or about 240 lliJl wave length. 
The dried paper strips were viewed under an ultraviolet la 
and the darkened zones outlined in pencil for later identifi 
cation. 
2. Quantitative Ultraviolet Determination 
The steroid could be determined quantitatively 
by completely eluting the steroid from the paper with mev=I~Uol 
ol, diluting to a given volume, and determining the amount 
or ultraviolet absorption at 240 ~ wave length by the use 
or the Beckman spectrophotometer. There is a direct relati 
ship between the amount or ~4-3-ket~steroid present and the 
amount or absorption at 240 ~· Paper and tissue blanks 
were also run, and their readings subtracted from the experi 
mental readings. 
3. 2,4-Dinitrophenylbydrazine 
The a-~ unsaturated ketone could also be detected 
with 2,4-dinitrophenylhydrazine (DNPH) (31). A saturated 
solution or DNPH in 1 N HCl was prepared and the strips 
placed in it for 10-15 minutes. The paper was then rinsed 
1Model SL 2537, Ultraviolet Products Co. Pasadena, Calif. 
7. 
under cold running water until no more color could be washed 
out. An orange color was formed with steroids coliltaining 
the 64-3-ketone group. 
4. Tetrazolium Reagents 
Triphenyltetrazolium chloride (TPTZ) and blue 
tetrazolium (BT) (3) were used to test for the ketol side 
chain at C-17. A 1 per cent solution of BT in 15 per cent 
aqueous methanol and a 0.2 per cent solution of TPTZ in 
water were used. A few ml. of the color reagent were mixed 
with half that volume of 10 per cent NaOH and used immediate 
ly. The strips of paper were drawn through the solution 
and the color allowed to develop for a few minutes. The 
paper was then rinsed several times in water. A blue color 
from reaction with the BT or a pink eolor from reaction with 
the TPTZ indicated the presence of a reducing function such 
as the a-ketol grouping. 
The zones containing the steroids, as indicated 
by two or more of the above tests, were eluted with methanol, 
and the steroids were crystallized from acetone-ether. The 
crystallized products were identified by melting points and 
infrared spectra. 
III. BIOASSAY 
Some of the tissue -extracts, prepared by one of 
the methods in Section I.- D. were analysed for glycogenic 
8. 
activity by means of the mouse liver glycogen assay of Dorf-
man (7~8). Certain of the extracts were used in their crude 
state~ while others were partially purified on a silica gel 
column to remove starting material. 
Male mice 18-23 grams in body weight~ were adrenal 
ectomized and maintained on 0.9 per cent saline and the 
McCollum diet (8) for three days. On the morning of the 
fourth postoperative day~ food was removed and the animals 
were injected seven times at hourly intervals with a corn oil 
solution of the steroids. 0.05 ml. of solution was given 
subcutaneously for each injection. One hour after the last 
injection~ the animals were anesthetized with nembutal given 
intraperitoneally~ weighed, and the entire liver removed and 
placed in 12 ml. graduated tubes containing 3 ml. of hot 30 
per cent KOH. The tubes were heated on a steam bath until 
all tissue was dissolved, made up to 5 ml. with 30 per cent 
KOH~ and then up to 11 ml. with 95 per cent redistilled 
ethanol to precipitate the glycogen. The tubes were stopper-
ed~ inverted once to mix the contents~ and allowed to stand 
in the cold overnight. They were then centrifuged for 30 
minutes~ the precipitates washed with 60 per cent ethanol~ 
recentrifuged~ and allowed to drain. One ml. of distilled 
water and one drop of 0.1 per cent phenol red were added 
to each tube~ and the contents were neutralized (yellow) 
solution) with 1 N HCl. The volumes were brought 
9. 
to 2.5 ml. with distilled water, and 2.5 ml. of 2 N H2so4 
were added to each tube. They were then placed in a steam 
bath for two hours to hydrolyze the glycogen. The solutions 
were made basic with 30 per cent KOH, acid again with 1 N 
HCl, and brought to neutrality with 1 per cent Na2co3• This 
procedure gave the neutral or very slightly basic solution 
required for proper reaction with the colorimetric reagents. 
The volume of each tube was made to 10 ml. and the 
solution was filtered. A 1 ml. or 0.1 ml. aliquot of the 
filtered solution was taken from each tube and placed in 
Klett tubes. The volume was made to 7 ml. with distilled 
water and 2 ml. of Samogyi's copper reagent (40) with the 
4lt KI omitted were added. The tubes were stoppered with capil-
lary stoppe~s and heated in boiling water for 10 minutes. 
They were then coole~ immediately by placing in cold water, 
and 1 ml. of Nelson 1 s _chromogenic reagent was added. The 
contents were mixed by inverting the tube, and the absorp-
tions read in a Klett colorimeter within 30 minutes, using 
a filter of wave length 540 ~· A blank, and standards at 
40, 80, and 120Jlg. of glucose were run simultaneously. The 
total reducing substance was ealculated1 and expressed as 
milligrams of glycogen per 10 grams body weight. 
1Formula for calculation: 
sample density x 1/ density per mg. glucose 
body weight 
X 10 
10. 
E X P E R I M E N T S 
I. RECOVERY EXPERIMENTS 
Experiments were performed to determine the effi-
ciency of the methods for recovering steroids from tissue 
and from paper. 
A. Paper 
Measured amounts of DOC were run in duplicate 
on 1 em. strips in the toluene-propylene glycol system for 
two hours. The papers were dried in air overnight, and the 
areas containing the DOC were detected under ultraviolet 
light and eluted with methanol. In one case, the paper was 
eluted with one 10 ml. portion of methanol, and in the other 
case with two 5 ml. portions of the solvent for a total of 
24 hours in both types of experiment. The recoveries, as 
measured by the ultraviolet absorptions at 240 mp in the 
Beckman spectrophotometer are shown in Table I. When the 
papers were eluted for a longer time, the recoveries were 
not substantially improved. 
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Table I 
Recoveries of DOC from Paper 
~g. applied }.lg. recovered No. of elutions % recovery 
1. 148 117 2 79.1 
II 112 2 7~-7 II 113 2 7 .4 
2. 116 65 1 s6.o 
3. 56 28 1 50.0 
It 32 1 57.2 
Using two smaller portions of solvent for the 
elutions increased the amount of recovery of steroid. This 
procedure was thenceforth followed. 
B. Tissue 
500 pg. of DOC were added to each of several 
. 
flasks containing each the supernate from 5 grams of corpus 
luteum homogenate~ and the mixture was extracted immediately 
Several different methods were used for extraction purposes. 
1. The tissue was deproteinized in acetone and 
precipitated material was filtered off. 
a. The acetone was distilled off in vacuo~ 
the residue taken up in about 10 ml. of benzene~ and the 
water removed by allowing the solution to stand for several 
hours over Na2S04. The benzene solution was poured through 
a silica gel column and the column washed once with benzene 
to remove non-polar substances. All material remaining on 
12. 
the column was eluted with ethyl acetate. 
b. The acetone filtrate was extracted with 
ligroin and with chloroform as described on Pages 3 ·and 4. 
2. The tissue was extracted with ethyl acetate 
a. Directly 
b. After saturation with NaCl. 
The residues were paper chromatographed on 1 em. 
strips in triplicate, using the toluene-propylene glycol 
system. The steroids were eluted from the strips with 
methanol and quantitatively determined by measuring the 
ultraviolet absorption as before. The results are shown in 
Table II. 
Extraction 
Method 
1. a. 
b. 
2. a. 
b. 
Table II 
Recoveries of DOC from Tissue 
Weight of 
Residue (mg.} 
9.5 
13.0 
-
-
12 
12 
8.2 
5.3 
% Recovery 
as read 
74 
80 
80 
75 
% Recovery corrected 
for loss on _Qaperl 
92.5 
100 
100 
93.8 
Method 2-b was the best of the methods, as the 
residue contained little extraneous material and could be 
13. 
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1~he recovery from paper was estimated as being equal to 
80 per cent of the original amount. 
and its use enables the results of an incubation to be de-
termined within three days~ while other methods may take 
more than a week. 
It was also found that if the papers were first 
put in the ligroin-propylene glycol system~ the fats and 
pigments would run off the paper in 5-6 hours~ leaving the 
steroids near the starting line. The ligroin could then be 
dried from the paper in a few minutes 3 and the paper could 
be transferred directly to toluene for separation of the 
steroids. With this treatmeRt~ the ultraviolet absorption 
of the tissue blanks was as low as that of the paper blanks 
14. 
II. INCUBATIONS 
A. Desoxycorticosterone 
Experiment #1 
A pilot incubation was performed in an effort to 
confirm Nissim's report of the possible formation of corti-
costerone from DOC when incubated with corpus luteum tissue 
(28). The incubation system employed was that which Hayano 
and Dorfman (16,17,18) had found optimal for the action of 
the 11~-hydroxylase system in the adrenal; i.e. magnesium 
ions and fumarate were present and the solutions were buf-
fered to a pH of 7.4. 
Two types of tissue preparations were employed; 
a whole homogenate and a homogenate residue obtained by 
centrifugation of a whole homogenate preparation. 3 grams 
of corpus luteum were homogenized in a Potter-Elvehjem 
apparatus and this whole homogenate was incubated with 3 mg 
of DOC. A Waring blender homogenate of corpus luteum was 
also made and centrifuged as described under Methods, and 
a portion of the residue equivalent to 3.5 grams of originaJ 
gland was incubated with 3 mg. of DOC. Both incubations 
were ror a period of one hour. 
The incubates were extracted by deproteinization 
with methanol and subsequent extraction with chloroform. 
The residues were chromatographed on paper for two hours 
using the toluene-propylene glycol system, and the ultra-
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violet absorbing areas located. The yields were estimated 
from the amount of color developed with the DNPH and TPTZ 
reagents. Two spots were found: one, assumed to be the 
starting material, at 10 em. from the starting line; and 
another, assumed to be the product of the reaction, about 
1 em. from the starting line. The product was present in 
an amount equal to 10-15 per cent of the amount re~overed 
from the whole homogenate preparation, and about 5 per cent 
from the homogenate residue fraction. 
Experiment #2 
The results of the whole homogenate preparation 
in the preceding experiment were confirmed by another in-
cubation. 8 grams of tissue were homogenized in the Potter 
Elvehjem apparatus and the whole homogenate was incubated 
with 2 mg. of DOC. Extraction was by dialysis, and the ex-
tract was chromatographed and analysed as above. The yield 
of a more polar steroid was again estimated at 10-15 per 
cent. 
Experiment #3 
Next, tissue residues, both washed and unwashed, 
were incubated with DOC and with 17a-hydroxy-ll-desoxy-
corticosterone (Substance S). Washing of the residues was 
performed to remove possible inhibitors or competing reac-
tions. ATP and DPN were added to one flask containing DOC, 
16. 
e 
-
as these had increased the yield of corticosterone from 
DOC in Hayano and Dorfman's aged tissue preparations (18). 
The final concentration of the cofactors was 0.002 M. 
Flasks #1-5 were incubated for one hour, and Flask #6 was 
incubated for two hours. Extraction and chromatography 
were dOne _as in Experiment #2. Two spots were again found 
on the paper, and the yields were estimated from the amount 
of color developed with the DNPH and TPTZ reagents. The 
results are listed in Table III. 
1. 
2. 
a. 
4. 
5. 
6. 
Table III 
Yields from Incubation of DOC and Substance s 
Preparation 
Tissue Blank 
DOC + Residue 
.. 
DOC + Washed Residue 
DOC + Residue + ATP.DPN 
" -
Substance S + Residue 
-
DOC + Residue (2 hr. inc.) 
Experiment #4 
% Conversion to a More 
Polar Product 
No steroids found 
2 
- 3 
2 
- 3 
5 
1 
2 
- 3 
An incubation similar to that in Experiment #3 
was performed, using whole homogenate, as well as residue 
and supernate. The extracts from the incubation were 
chromatographed on paper and the areas containing the 
17. 
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steroids were eluted with methanol. The ultraviolet ab-
sorption at 240 ~ wave length was determined on the Beck-
man spectrophotometer and the per cent transformation cal-
culated in relation to the total amount recovered. The re-
sults are shown in Table IV. The product showed the same 
characteristics as in the previous incubations. 
Table IV 
Conversion of DOC by Several Corpus Luteum Preparations 
-· 
Preparation % Conversion 
1. Tissue Blank No steroids found 
2. Whole Homogenate 10 
3. Whole Homogenate + ATP.DPN 18 
·-
4. Supernate 10 
5. Residue 5 
Experiment #5 
It was considered of interest to see whether 
ovarian follicles could also effect or aid in effecting 
the conversion of DOC. Ovarian follicles (2 grams per 4 mg 
of DOC) were incubated alone and with the addition of cor-
pus luteum whole homogenate. The addition of ATP and DPN 
was again tried, the cofactors having a final concentration 
of o.oo4 M. The results are summarized in Table v. 
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Table V 
Incuba-tion of Ovarian Follicles with DOC 
Preparation Estimated % Conversion 
1. Follicles + DOC + ATP.DPN 0 
~ 
--
2. Follicles + DOC + ATP.DPN + 
Corpus Luteum Whole Homogenate 10 
· ~ . Corpus Luteum Whole Homogenate 20 + DOC + ATP.DPN 
-
4. Corpus Luteum Whole Homogenate 5 +DOC 
.. 
From these results, it was evident that the 
follicles had no detectable activity with respect to the 
conversion of DOC to a more polar product. The increase 
in conversion effected by ATP and DPN was confirmed • 
. Experiment #6 
From the above results, it was evident that the 
corpus luteum whole homogenate in the presence of ATP and 
DPN gave the highest yield of product thus far, and a large 
incubation was performed for the purpose of isolating and 
identifying the product. A whole homogenate prepared in a 
Waring blender was used for the incubation. 240 mg. of DOC 
were incubated with 300 grams of gland. 8 mg. of the 
steroid in 0.4 ml. of propylene glycol ~placed in each 
of 30-125 ml. Erlenmeyer flasks, and 16 ml. of homogenate 
19. 
were added to each flask. The flasks were incubated for 
80 minutes at 38° C# and ATP and DPN were added 20 minutes 
after the start of the incubation to give a final concentra-
tion of 0.002 M. 
The pooled incubates were deproteinized in 10 
volumes of methanol~ as described on Page 4. The residue 
from the extraction was fractionated on a silica gel column1 
and the more polar fractions combined and crystallized 
(Table VI). 
Table VI 
Silica Gel Chromatography on the DOC Incubation 
Eluate Fraction Steroids Found 
1-10% ethyl acetate in benzene Progesterone (endogenous) 
10-25% ethyl acetate in benzene DOC 
.. 
33% ethyl acetate in benzene - 64-pregnene-20~ 1 21-diol-
100% ethyl acetate ~ 3-one and 64-pregaene-6~,21-diol-
·' 3~20-dione 
The more polar fractions contained what appeared 
to be a single transformation product, demonstrating both 
the orange DNPH and the pink TPTZ color reactions. 
1 These fractions were combined and recrystallized 
in acetone. The first four crops yielded a substance melti 
between 162 and 167° C~ which, when analysed on paper, sh 
a strong orange DNPH reaction but no color with TPTZ. Re-
1 This portion of the study was carried out by M. Hayano and 
M. c. Lindberg. 
I 
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crystallization or this substance brought the melting point 
up to 167-168.5° (corr.). Inrrared analysis of this sub-
-
stance and its acetylated derivative showed it to be iden-
tical with 64-pregnene-20~~21-diol-3-one and its derivative 
T~e configurations at C-20 of both the reference a and ~ 
structures were confirmed by the method of molecular rota-
tions differences. 
1The rifth crop or crystals melted between 178° 
and 187° c. This material gave positive reactions ror the 
presence of both the conjugated ketone and the a ketol 
groupings. On recrystallization from acetone~ the melting 
point was raised to 185-190° c. An infrared analysis of 
this material showed it to be identical with an authentic 
sample of 64-pregnene-6~~21-diol-3,20-dione. 
Experiment #7 
As no formation or corticosterone was evident 
from the incubation, it was decided to perform a mouse 
liver glycogen assay to determine whether the ~4-pregnene-
6~,21-diol-3,20-dione possessed sufficient glycogenic activ 
ity to account for Nissim1 s results. 100 mg. of DOC were 
incubated with 125 grams or corpus luteum, and extracted 
as in Experiment #6. The residue was divided into two 
equal portions. One portion was used directly for glyco-
genic assay, and the other was fractionated on a silica gel 
column to separate the DOC from the products. Thus, one 
1 This portion of the study was carried out by M. Hayano 
and M. c. Lindberg. 
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could see whether there was potentiation1 o~ glycogenic 
ef~ect by the DOC on the 64-pregnene-6~~21-diol-3~20-dione. 
The more polar ~ractions ~rom the column were combined and 
used for the bioassay. The results o~ this assay are shown 
in Table VII. 
Table VII 
Glycogen Assay on Incubated DOC (Experiment #7) 
No. of Mg. Glycogen/10 g. 
Group Dose/Animal Animals body weight 
Solvent Control 
-- 7 .50 ± .38(SE) 
Corticosterone 150 pg. 8 9.8 + 1.6 (standard) -
DOC 3.57 mg. 8 7.8 ± 2.1 
.. 
Crude Incubate 74.3 mg. 9 2.9 + .59~P <O.Ol 
-
Chromatographed 17.4 mg. 9 4.6 + .48~p < 0.01 
Incubate -
While a small amount of glycogenic activity was 
shown (the equivalent o~ a 1.4 per cent conversion to 
corticosterone from the chromatographed incubate)~ it was 
considerably less than that reported by Nissim~ who obtained 
an activity equal to a formation of 1.5 mg. o~ cortico-
sterone per 50 mg. of DOCA incubated~ or a three per cent 
conversion. The high glycogenic response to DOC in this 
1 DOC~ by itself~ has little or no glycogenic activity (43)~ 
ec • e mg. DOC gave a 1 r 
glycogen of 0.8 mg./10 grams of body weight; a dose of 
20 ug. of corticosterone gave 3.3 mg. glycogen/10 g. body 
weight; these two doses in combination gave 8.2 mg. 
glycogen/10 g. body weight. 
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assay could not be explained. The usual level of response 
to DOC is not much above that of the solvent control (43). 
Experiment #8 
The previous experiment was repeated, using a 
much larger amount of incubated DOC per animal in an effort 
to see definitely ~~~ much glycogenic material was formed 
during the incubation. 350 mg. of DOC were incubated with 
675 grams of .corpus luteum, as in the previous experiment, 
and extracted with ethyl acetate after saturation with 
NaCl. The residue was ehromatographed on a silica gel 
column to remove the DOC and thus prevent possible poten-
tiation effects. The fractions containing the products 
were used for glycogenic assay. The results of this assay 
are recorded in Table VIII. The higher dosage of the 
incubated material, equivalent to 11.9 mg. of incubated 
DOC per animal, gave a response equal to that from a dose 
of 72 pg. of corticosterone, or a o.6 per cent conversion 
to corticosterone. 
23. 
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B. 17a.-Hydroxy-ll-deso.xycorticosterone (Substance S) 
Experiment #9 
A large incubation was done to see if Substance s 
could be 6~-hydro.xylated by the corpus luteum enzyme. 
160 mg. of Substance S were incubated with 160 
grams of corpus luteum1 and extracted by means of the same 
methods that were used in Experiment #6. The residue from 
the incubation was purified entirely by paper chromatogra 
No steroid products were isolated. 
Experiment #.10 
Another incubation was performed with Substance s 
for mouse liver glycogen assay. 100 mg. of Substance S 
were incubated with 140 grams of tissue 1 and ATP and DPN 
were added to a final concentration of 0.002 M. The in-
cubate was deproteinized with methanol 1 and the residue was 
divided into two portions, one of which was chromatographed 
on a silica gel column to remove the starting material be-
fore being injected into the animals; and the other of whi 
was assayed without further treatment. 
An assay was performed on the pure substances 
first, to determine their effect. Hydrocortisone was used 
as a standard. . Substance S an~ a4-pregnene-6~,17a.,21-triol 
/ 
31 20-dione (6~-Hydroxy-Substance S) were assayed singly and 
in combination to test for potentiation. The results of 
25. 
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assay or the pure compounds are shown in Table IX and those 
of the incubated material in Table x. 
Table IX 
Glycogen Assay of Substance S and its Derivatives 
Dose/ No. of mg. glycogen/ 
Group animal animals 10 ~g• body wt. 
Solvent Control 
-- - 9 2.41 t 0.44(SE) 
-
Hydrocortisone 20 p.g. 9 9.16 ± o.61 
-
Substance S 300 pg. 10 .236 ± .128 
6(3-Hydroxy Substance S 100 p.g. 10 .278 ± .091 
-
Substance S plus 300 p.g. 
.243 ± 6(3-Hydroxy Substance S 50 p,g. 10 .043 
Table X 
Glycogen Assay of Incubated Substance S 
Dose/ No. of mg. glycogen/ 
Group animal animals 10 g. body wt. 
Solvent Control 
--
6 1.04 ± .136 
Substance S plus 1.55 mg. 
10.4 ± 2.36 6(3-Hydroiy Substance s 155 p.g. 8 
6(3-Hydroxy Substance S 155 pg. 6 3.58 * 1.83 
p >0;3 
Crude Incubate 9 5.38 ± 1.09 
p < o.ol 
Chromatographed 9 1.15 + .215 Incubate -
-
The control animals in both assays give higher 
values than normal, as do the animals given pure Substance 
S in the second assay. A small amount of glycogenic activ-
ity is shown by the incubated Substance S, equivalent to a 
dosage of 12 micrograms per animal of hydrocortisone, or a 
0.73 per cent conversion to this substance. Since, however 
the control values on this assay are so abnormal, it cannot 
be definitely stated that the corpus luteum showed any ac-
tivity with respect to Substance s. 
c. Progesterone 
Experiment #11 
Since the structure of progesterone is similar to 
that of desoxycorticosterone, it was decided to incubate 
the former steroid with corpus luteum to determine whether 
it, too, could be transformed by an enzyme present in the 
tissue. 
250 mg. of progesterone in 12.5 ml. Gf propylene 
glycol were incubated with 250 grams of corpora lutea, and 
extracted with acetone. The residue was partially purified 
on a silica gel column, and the eluates from the column 
analysed by paper chromatography, using the ligroin-propy-
lene glycol system. The results of the chromatography are 
presented in Table XI. 
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Table XI 
Silica Gel Chromatograph¥ or Progesterone Incubation 
Eluate Fraction Steroids Found 
12-14% ethyl acetate in benzene Pr.ogesterone 
17-33% ethyl acetate in benzene 4 6 -Pregnene-20~-ol-3-one 
-
lonly one major product was round. This material 
was crystallized out or acetone to give a melting point or 
170.5-173° C (carr.). Determination of mixed melting 
points and comparison or the inrrared spectra of this sub-
stance and its acetylated derivative with authentic samples 
or 64-pregnene-20~-ol-3-one and its acetate confirmed their 
identities. The _coDriguration at C-20 was confirmed by the 
method or molecular rotations. 
D. Enzyme Studies 
Experiment #12 
A number or incubations were perrormed in an 
attempt to elucidate the properties or the enzyme 
the 6~-hydroxylation reaction. First, the concentration or 
the steroid was varied, using 500 pg., 1 mg., and 2 mg. o~ 
DOC with whole homogenates, residues, and supernates. Each 
rlask contained the equivalent or 5 grams or corpus luteum. 
The lower concentrations or the steroid were round to give 
1 This portion or the work was carried out by M. Hayano and 
M. c. Lindberg. 
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a higher percentage yield of a more polar product with all 
preparations, and the supernate was found to give a slightl~ 
higher yield with all concentrations of steroid (Table XII) 
The standard incubation medium was used~ and ATP and DPN 
were added to the preparations to a final concentration of 
o.oo2 M. 
Table XII 
Effect on DOC Conversion of Steroid Concentration 
Preparation Concentration of Steroid 
500 j!g. 1 mg. 2 ~mg. 
Whole Homogenate 23.9% conver. 1 30.7% 29.6% 
l_;sidue 40.3% 29.4% 29.2% 
pernate 48 % 38 % 32.5% 
Experiment #13 
Next~ fumarate, magnesium ions, and ATP and DPN 
were successively removed from a Potter-Elvehjem supernate 
preparation. The equivalent of 5 grams of tissue, and 
500 ug. of DOC were added to each flask. Two of the lots 
of tissue without fumarate and magnesium were first dialyzec 
in the cold for two hours against 200 ml. of a.) P04 
buffer and 0.9% saline, 3:7, and b.) stock incubation 
medium. This was done to see if dialysis would remove any-
thing essential to the reaction. ATP and DPN were added 
before incubation. Experiment #14 duplicated this experi-
1 
Determined by quantitative ultraviolet measurements on 
the Beckman spectrophotometer. 
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ment. The results of both experiments are shown in 
Table XIII. 
Table XIII 
The Effect of Fumarate, Mg++, and Dialysis 
on the Conversion of DOC 
Additions to Tissue % Conversion to a more oolar Steroid! 
Preparation Expt. #13 Expt. #14 
-
Fumarate + -Mg++ + 14 7.1 
ATP + DPN 
Mg++ + ATP + DPN 7.1 3.0 
ATP + DPN 2.3 1.7 
Buffer only 6.1 2.1 
Dialyzed against 2.8 0 
P04-saline 
Dialyzed against 11 12.8 
Stock medium 
From these data it wa~ decided that fumarate and 
magnesium are necessary, and that ATP and DPN can supply 
the required energy for the reaction. 
Experiment #15 
An acetone powder, made as described under Method 
was incubated with DOC, 0.5 grams of acetone powder repre-
senting 2.7 grams of original tissue, being used per 1 mg. 
of steroid. The powder was taken up in the standard incu-
' 
bation medium (see Page 1), homogenized in a Potter-
Determined by quantitative ultraviolet measurements on the 
Beckman spectrophotometer. 
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Elvehjem apparatus, and allowed to stand in the cold ~or an 
hour to extract the enzyme ~rom the tissue. Some o~ the 
homogenate was removed and incu~ated, and the rest was 
centri~uged ~or 25 minutes at 5000 x g., and the residue 
supernate incubated. 
A product more polar than DOC was demonstrated 
in the incubation extracts a~ter paper chromatography, when 
the paper was viewed under ultraviolet light. This product 
gave a positive DNPH reaction and a negative BT reaction, 
indicating that it probably was 64-pregnene-20~-21-diol-3-
one. The yields, as computed ~rom quantitative elution and 
analysis on the Beckman spectrophotometer, are shown in 
Table xrv. 
Table XIV 
Conversion o~ DOC by Acetone Powder Preparations 
Type o~ Preparation ~Yield !I!_ Recovery! 
Whole Acetone Powder 29 6o 
Acetone Powder Residue 6.5 30 
Acetone Powder Supernate 2.9 41 
The whole homogenate ~rom the acetone powder 
showed considerable activity in :converting DOC to a more 
polar steroid. Sinee the yields ~rom the residue and 
supernate fractions were so low, it is possible that some 
1 Recoveries were computed by dividing the total weight of 
steroid recovered, as calculated ~rom the Beckman u.v. 
readings~by the weight of steroid incubated. 
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substance necessary for the reaction went into the residue~ 
I 
and some other into the supernate~ leaving no complete 
system in either. 
Experiment #16 
A whole acetone powder preparation was incubated 
with progesterone. One mg. of steroid and 0.5 mg. of 
acetone powder were added to each flask~ along with addi-
tives as indicated in Table XV. After incubation~ the 
tissues were extracted with ethyl acetate~ and the residues 
purified by paper chromatography in the ligroin-propylene 
glycol system. The papers were eluted with methanol and 
the recoveries determined on the Beckman spectrophotometer. 
Table XV 
Conversion of Progesterone by Acetone Powder Preparations 
Additions to Tissue % Conversionl % Recovery 
Fumarate, Mg~ ATP~ DPN 54.6 76.3 
Fumarate, Mg~ DPN 74.1 46.6 
Mg~ DPN 76.8 46.6 
DPN 69.4 14.9 
Buffer only 14.9 46.3 
This would seem to show that the enzyme effecting 
the 20~-reduction reaction does not need fumarate~ magnes 
This product was assumed to be ~4-pregnene-20~~21-diol-3-
one, as this was the major preduct isolated in the 
previous incubation of DOC. 
32. 
ions~ or ATP for its activity. 
The conversion values are extremely high. As the 
tissue blank gave a reasonably low value, it is possible 
that the ATP and/or DPN interfered with the analysis, being 
degraded to products which absorbed ultraviolet light at 
240 ~ and ran on paper at the same rate as the steroid 
product. 
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S U M M A R Y A N D C 0 N C L U S I 0 N S 
Bovine corpus luteum homogenates were incubated 
with 11-desoxycorticosterone, progesterone, and 17a-hydroxy 
11-desoxycorticosterone, using the optimal system developed 
by Hayano and Dorfman (18) for the adrenal 11~-hydroxylase. 
Two products were isolated from the DOC incubations; 64-
pregnene-6~,21-diol-3,20-dione, and 64-pregnene-20~,2l~diol 
3-one. Progesterone yielded the 20-reduced product, 64-
pregnene-20~-ol-3-one, and Substance S gave no demonstrable 
steroid products. Thus, the pri sence of two enzyme systems 
which act on steroids has been demonstrated in the corpus 
luteum: 1) a 6~-hydroxylase, which requires for its func-
tioning fumarate, magnesium ions, ATP and DPN; and 2) a 
reductase, which requires only DPN. (Figure II). 
6~-Hydroxy-11-desoxycorticosterone has been ob-
--
tained by a number of workers from the action of various 
tissues on DOC. Haines (13) isolated the substance from an 
incubation of hog adrenal brei; Zaffaroni1 , from a beef 
adrenal homogenate incubation; and Axelrod (1) from a rat 
liver perfusion. Other 6~-hydroxylated steroids have been 
round in in vitro studies: namely, 6~-hydroxyprogesterone, 
from the perfusion of beef adre'nals with progesterone by 
Levy and Kushinsky2, 6~-hydrox~hydrocortisone by Burstein2 
1Personal communication 
2unpublished data 
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from normal and scorbutic guinea pig urine after the feedi 
of hydrocortisone; and 64-androstene-6~-ol-3 1 17-dione by 
Meyer and Hayano1 from incubations of adrenal homogenates 
with androstenedione. 
The in vitro reduction of the C-20 ketone has 
also been noted in a number of studies. Caspi and co-
worke.rs1 have identified 64-pregnene-17a 1 20~,21-triol-
3,11-dione, allopregnane-3~,17a,20~,21-tetrol-ll-one, and 
64-pregnene-11~,17a 1 20~,21-tetrol-3-one after the perfusion 
~ 
of rat livers with cortisone 1 and the latter product was 
found again after perfusion with hydrocortisone. Forchiell 2 
has isolated 64-pregnene-17a 1 20~_,21-triol-3-c:>ne from the 
incubation of -64-pregnene-17~,21-diol-3,20-dione with rat 
liver homogenates. 
That 6~-hydroxy-11-desoxycorticosterone possesses 
a small amount of glycogenic activity was confirmed by bio-
assay of the incubated DOC. The activity found in these 
studies, however, is significantly less than that reported 
by Nissim, and is certainly not enough to account for the 
better survival of pregnant adrenalectomized dogs, or for 
the relief of arthritis in pregnancy. 
lished data 
2Thesis for the Degree of Master of Arts at Boston Univ-
ersity, 11The in vitro Metabolism of 17-Hydroxy-11-Des-
o.xycortieosterone (Reichstein's Compound 3) 11 1 Enrico H. 
Forchielli. 
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APPENDIX 
I. STEROID STRUCTURE 
A. The Steroid Nucleus 
The steroids are compounds containing a cyclo-
pentanoperhydrophenanthrene nucleus~ which is numbered in 
accordance with the scheme shown in Figure III. The sub-
stituents shown at positions 10~ 13~ and 17 may or may not 
be present. They are shown here for the purpose of giving 
the complete numbering system of the corticoids. The rings 
are~ respectively, A~ B1 c~ and D. The nucleus is assumed 
for convenience to lie in the plane of the paper. Substit-
uents are connected by bonds which are assumed to project 
either above or below the plane of the paper. Those pro-
jecting above are said to be in the "t3" position, and are 
indicated by a straight line; those below are said to be 
in the "a 11 position, and are indicated by a dotted line. 
B. Hormones of the Adrenal Cortex 
The corticoids are distinguished by having methyl 
groups attached at positions 10 and 13~ a conjugated ketone 
(known as the 64-3-keto grouping) in Ring A~ and a ketol 
side chain at position 17. The structures of some of the 
38. 
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important cortical hormones are shown in Figure IV, and 
their major functions listed. The final steroid in Figure 
IV (aldosterone) is that which was formerly known as elee-
trocortin. The structure has recently been determined by 
Simpson et al. (41). 
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The adrenal has a variety of functions in the 
animal body, as has been determined by the deficiencies 
arising after adrenalectomy (2,32,34,43). 
1) The electrolyte balance is disturbed. 
I 
There 
is a rise in blood potassium. Blood sodium, chloride, bi-
.1 - . 
carbonate, and water are reduced. Hemoconcentration results ~ 
2) Sodium is increased in the urine and potassiumli 
is reduced. 
3) Blood urea and non-protein-nitrogen are in-
creased. 
4) Asthenia and reduction in muscle mass and 
efficiency occur. 
5) There is a decrease in liver glycogen and 
blood glucose in fasting, due to a decreased rate of glu-
coneogenesis; and a decreased resistance to insulin. 
6) There is decreased resistance to all forms 
1 of stress. These deficiencies have been made the basis of 
various bioassays for adrenal hormones. The sodium reten-
I 
tion assay (7) tests for the effect on electrolyte metabolis ' 
by determining the amount of ho~one preparation necessary 
I 
to maintain normal blood sodium levels. The liver glycogen 
assay (7,29,33) tests for the effect on carbohydrate metab-
olism by measuring the amount of glycogen deposited in the 
livers of adrenalectomized rats or mice after hormone treat-
ment. It has been observed that the feeding of a high pro-
42. 
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I 
tein diet to the animals before injection of the hormones 
causes more glycogen to be deposited in the liver (29)~ 
i ndicating that the effect of the corticoids is to encourage! 
gluconeogenesis. 
The adrenals also have an effect on the thymus 
gland and on lymphatic tissue in general. This gland re-
mains large in mice which have been adrenalectomized~ and 
castration increases the size even more. Administration of 
some corticoids (Cortisone, for
1
example) decreases the size 
of the thymus in these animals; an effect which has been 
, made the basis of another bioassay (7). 
II 
c. Ovarian Hormones 
1. Estrogens 
These hormones are responsible for the development 
of female sexual characteristics. Their structure is dis-
tinguished by an aromatic Ring A~ one angular methyl group 
at position 13, and the absence of a side chain at position 
17. An example, estradiol, is shown in Figure v. 
2. Progesterone 
Progesterone (Figure VI) is the hormone of the 
corpus luteum and is concerned with the development of the 
endometrium of the uterus in preparation for the implantatio 
of a fertilized ovum~ and its maintainence during pregnancy. II 
1 The molecule contains two angular methyl groups, at positions. 
• 
~-+=-=--
10# and 13, as do the corticoids# as well as the conjugated 
ketone in Ring A. The only dirference between the struc-
~ 'I tures of progesterone and desoxycorticosterone is at Carbon-
I! 21# where DOC has an hydroxylllethyl group and progesterone, 
II a methyl group. 
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45 • 
• 
OH 
HO 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
,, 
BIBLIOGRAPHY 
Axelrod, L. R., and Miller, L. L., 11 The BibO.Xidation of 
Steroids at Carbon 6 by Isolated Perfused Rat Livers", 
Arch. Biochem., 49, 248 (1954). 
I II Britton, s. w., and Silvette, H., The Apparent Pre-
potent Function of the Adrenal Glands 11 , Am. J. Physiol., I 
100, 701 (1932). . . . 
Burton, R. s., Zaffaroni, A., and Keutmann, E. H., 
"Paper Chromatography of Steroids. . II. Corticosterone 
and Related Compounds", J. Biol. Chem., 188, 763 (1951). 
Butenandt, A., 11 Neuere Ergebnisse auf dem Gebiet der 
Sexual-hormonen, Wiener Klin. Woch., 47, 934 (1934). 
Butenandt, A., and Westphal, u., "Isolierung und Charak-
terisierung des Corpus-luteum-Hormons 11 , Ber., 67, 1440 (1934). 1 -
Corey, E. L., ucomparative Effects of Progesterone and 
Cortico-Adrenal Extracts on Normal, Adrenalectomized, 
and Other Animals", Am. J. Physiol., 132, 446 (1941). 
I 
Dorfman, R.I., nThe Bioassay of Adrenocortical Hormones', 
Rec. Prog. Hor. Re~ VIII, Academic Press, Inc., N. ~~ 
1953, pp. 87-112. 
Dorfman, R. I., Ross, E., and Shipley, R. A., "The Assay 
of Adrenal Cortical Material by Means of the Glycogen 
Test in the Adrenalectomized Mouse", Endocrinology, 38, 
178 (1946). -
Dorfman, R. I., Ross, E., and Shipley, R. A., "Metab-
olism of the Steroid Hormones - The Metabolism of Pro-
gesterone and Ethynyl Testosterone", Endocrinology, 42, 
77 (1948). . . --
Emery, F. E., and Schwabe, E., "The Role o£ the Corpora 
Lutea in Prolonging the Life of Adrenalectomized Rats", 
Endocrinology, 20, 550 (1936). 
46. 
I 
I 11. Gaunt, R., and Hays, H. w., "Role of Progesterone and 
,I 
',l 
I 
I 
,I 
I 
I' 
I 
Other Hormones in Survival of Pseudo-Pregnant and 
AdrenaJ,.ectomized Ferrets", Am. J. Physiol., 124, 767 I (1938). . -
12. Gros, G., Benoit, J., Kehl, R., and Paris, R., Sur 
1 1 action folliculaire et luteinique de 1 1 acetate de 
desoxycorticosterone chez la chatte castree", Compt. 
Rend. Soc. Biol., 136, 533 (1942). 
13. Haines, w. J., "Studies on the Biosynthesis of Adrenal I 
Cortex Hormones", Rec. Prog. Hor. Res., VII, Academic 
Press, Inc., New York, 1952, pp. 255-305. 
14. Hall, F. c., "Observations of Arthritis Occurring Soon II 
After Menopause and Relieved by Estrogens", J. Am. Med. 
Assoc., 113, 1061 (1939). 1 
-- II 
15. Hartmann, M., and Wettstein, A., "Ein Krystallisiertes 
Hormon aus Corpus luteum", Helv. chim. Acta, 17, 878 
16. 
17. 
18. 
19. 
(1934). 
Hayano, M., Dorfman, R. I., and Yamada, E., "The Con- ~ 
version of Desoxycorticosterone to Glycogenic Material I 
by Adrenal Homogenates", J. Biol. Chern., 193, 175(1951)~ 
- . ll 
Hayano, M., and Dorfman, R. I., "The Action of Adrenal 11 
Homogenates on Progesterone, 17-Hydroxyprogesterone, II 
and 21-Desoxycortisone", Arch. Biochem. 36, 237 (1953). 
Hayano, M., and Dorfman, R. I., "The enzymatic C-llt3-
hydroxylation of Steroids", J. Biol. Chern., 201, 175 
(1953). 
Hayano, M., Wiener, M., and 
HydroxY-lases of Adrenal and 
12, 2lb (1953). 
Lindberg, M. c., "Steroid 
Corpus Luteum", Fed. Proc., 
li 
I 
20. Hechter, o., Zaffaroni, A., Jacobsen, R. P., Levy, H., 
Jeanloz, R. w., Schenker, v., and Pincus, G., "The 
Nature and the Biogenesis of the Adrenal Secretory 
Product", Rec. Prog. Her. Res., VI, Academic Press, Inc , 
N. Y., 1951, p. 215. I 
21. Hench, P. s., "The Potential Reversibility of Rheuma-
toid Arthritis", Proceedings of the Staff Meetings of 
the Mayo Clinic, 24, 167 (1949). 
--====-=:..=..-==-=====-- -- =~F===== 
'I 
I 
II 
I' ---~ 
I 
I 
I 
I 
II 
- -
--
22. Kehl, R., Paris, R., Benoit, J., and Gros, G., "Action I 
de l'Acetate de Desoxycorticosterone sur le Maintien 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
de la Grossesse chez la Rate Gestante Castree et 
Surrenalectomisee", Compt. Rend. Soc. Biol., 136, 527 
(1942). -
Kepler, E. J., Sprague, P. G., Mason, H. L., and Power, ! 
M. H., 11The Pathological Physiology of Adrenal Cortical! 
Tumors and Cushing's Syndrome", Rec. Prog. Hor. Res. 
II, Academic Press, Inc., N. Y., 1948, p. 345. 
Levy, H., Jeanloz, R. w., Marshall, c. w., Jacobsen, 
R. P., Hechter, o., Schenker, v., and Pincus, .G., 
"Chemical Transformations of Steroids by Adrenal Per-
fusion. II. Desoxycorticosterone and 17-hydroxy-
desoxycorticosterone'~ J. Biol. Chern., 203, 433 (1953). 
Masson, G. P., "Deciduomata Formation with Desoxy-
corticosterone", Proc. Soc. Exptl. Biol. Med., 54, 
196 (1943). . -
Meyer, A. S., 11Chemical Transformations of Steroids by 
Adrenal Perfusions. v • . Blood Incubations and Perfu- I' 
sions with Cortisone", J. Biol. Chern., 203, 469 (1953). 
Murray, H. c., and Peterson, D. H., u. s. Patent 
2,602,769; July 8, 1952. 
Nissim, J. A., "Studies of the Metabolism of Adrenal 
Steroid Hormones", J. Endocrinol., 8, 257 (1952). 
Olsen, R. E., Jacobs, F. A., Rechert, D., Thayer, s. A. l 
Kopp, L. J., and Wade, N. J., 11The Comparative Bioassa 
of Several Extracts of the Adrenal Cortex in Tests 
Employing Four Separate Physiological Responses 11 , 
Endocrinology, 35, 430 (1944). . 
Prelog, V., and Meister, P., 11Untersuchungen uber 
Organextrakte und Harn: Uber die Isolierung von 
Progesterone aus dem Corpus luteum des Wales", Helv. 
chim. Acta, _32, 2435 (1950). . . 
Reich, H., Nelson, D. H., and Zaffaroni, A., 11 Isolation 
of 17-Hydroxy Corticosterone from Blood Obtained from I 
the Adrenal Veins of Dogsn, J. Biol. Chem., 187, 411 
(1950). - I 
48. 
Reichstein, T., and Shoppee, c. w., "Hormones of the 
Adrenal Cortex", Vit. and Hor., I, Academic Press, Inc 
N. Y., 1943 ~ P·_ ~45. __ . = _ -l-=-~ 
II 
II 
II 
I 
33. 
34. 
35. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
+-= --
Reineke, R. M., and Kendall, E. c., "Method for the 
Bio-Assay of Hormones of the Adrenal . Cortex", Endo-
crinology, 31, 573 (1942). 
Rogoff, J. M., and Stewart~ , G. N., "Studies on Adrenal II 
Insufficiency: II. Blood Studies on Control Animals 
not Subjected to Treatment", Am. J. Physiol., 78, 653 11 
(1927). . . . - I 
II 
Rogoff, J. M., and Stewart, G. N., "Studies on Adrenal 
Insufficiency: III. The Influence of Pregnancy on the 
Survival Period in Adrenalectomized Dogs", Am. J. 
Physiol., 79, 508 (1927). . 
. II Rogoff, J. M • ., and Stewart, G. N., Studies on Adrenal 
Insufficiency: v. The Influence of .Adrenal Extracts 
on the Survival Period of Adrenalectomized Dogs 11 , Am. 
J. Physiol • ., 8~, 660 (1928). . 
Rogoff, J. M., and Stewart, G. N., "Studies on Adrenal 
Insufficiency: VI. The Influence of 1Heat• on the 
Survival Period of Dogs after Adrenalectomy 11 , Am. J. 
Physiol., 86, 20 (1928). . 
:I 
I 
I 
Samuels, L. T., Helmreich, M. L., Lasater, M. B., and 1 Reich, H., 11 An Enzyme in Endocrine . Tissue which Oxidizes! 
A5-3-Hydroxy Steroids to a.,f3 Unsaturated Ketones", 
Science,ll3, 490 (1951). . 
Savard, K., upaper Partition Chromatography of C-19 
and C-21 Ketosteroids", J. Biol. Chern., 202, 457 (1953) 
Shaffer, P. A., and Samogyi, M., "Copper-Iodometric I 
Reagents for Sugar Determination", J. Biol. Chem., 100, 
695 (1933). . . -
Simpson, s. A., Tait., J. F., Wettstein, A., »eher, R., 
v. Euw, J., Schinder., 0., and Reichstein, T., "Konsti-
tution des Aldosterone; des Cortical Hormons", .Exper-
entia, X, 132 (1954). 
Slotta, K. H., Rushing, H., and Fels, E., 11Reindar-
stellung des Hormon aus dem Corpus Luteum", Ber., 67, 
1270 (1934). 
Venning, E. H., Kazmin, v. E., and Bell, J. c., "Biol-
ogical Assay of Adrenal Corticoids '_', Endocrinology, 38, I 
79 (1946). 
49. 
II 
I 
ll 44. 
I 
I 
I 
I 
I 
I, 
II 
45. 
Wintersteiner, o., and Allen, w. M.,nCNstalline Pro-
gestin11., J. Biol. Chern., 107, 321 (1934). 
Zaffaroni, A., Burton., R. B • ., and Keutmann, E. H • ., 
"Adrenal Cortical Hormones: Analysis by Paper Parti-
tion Chromatography and Occurrence in the Urine of 
Normal Persons", Science, 111, 6 (1950). 
---
----
---- --== 
50. 
I 
I 
- --
-- -- - ~-=---....;.- --
ABSTRACT 
Following a report by Nissim in the Journal of 
Endocrinology (8~ 257 (1952}) of increased glycogenic activ- 1 
I 
ity in desoxycorticosterone (DOC) after its incubation with I 
corpus luteum homogenates~ studies on the action of this I 
gland on steroids were undertaken~ with the object of deter1 j 
mining 1) whether the DOC was transformed by 11~-hydroxyla- I 
tion into corticosterone and, 2) if so, whether the enzyme I 
I 
corresponded with the 11~-hydroxylase demonstrated by Hayano 
I 
and Dorfman in the adrenal. II 
The incubation system employed was that which thes 
workers had found to be optimal for the functioning of the 
adrenal enzyme. The incubation medium consisted of three 
1· parts of 0.17 M sodium fumarate at pH 7.4; one part of 0.12 
~I MgCl2.6H20; and six parts of sodium phosphate but'fer at pH 
I 
II 7 .4. Adenosine triphosphate (ATP) and diphosphopyridine 
II 
ll 
il 
nucleotide (DPN) in neutral solution were added to a final 
concentration of 0.002-0.004 M~ to supply energy for the 
reaction. The incubations were carried out at 38° C in a 
constant temperature bath. The gas phase was air. 
The steroids were separated from the tissue after l1 
I 
incubation by extracting the homogenate with one of .three 
methods: 
-=-·----~ 
- --~===~ 
1) 
2) 
3) 
Dialysis in the cold against distilled water I 
I 
Deproteinization in methanol or acetone, or II 
Extraction with ethyl acetate after saturation: 
with NaCl. 
Purification of the product was accomplished by 
chromatographic techniques: i.e., silica gel ~olumn chroma-
tography and/or paper chromatography. Products were identi-
fied by melting points and infrared spectra. 
DOC, progesterone, and 17-hydroxy-11-desoxycortico 
' sterone (Substance s) were incubated with the corpus luteum 
and several reactions were found to occur: 
I 
I 
1) DOC was transformed, by 6~-hydroxylation, to 
I ~4-pregnene-6~,21-diol-3,20-dione. 
2) DOC was also transformed by 20-reduction, to 
1 ~4-pregnene-20~,21-diol-3-one. 
'I 3) Progesterone was transformed, by the latter 
reaction, to ~4-pregnene-20~-ol-3-one. 
No products could be isolated from the incubation il 
of Substance s. 
Enzyme studies showed that the 6~-hydroxylation 
reaction required for its completion ATP, DPN, fumarate, and 
magnesium ions. The 20-reduction reaction required only 
DPN. 
Ill Certain of the incubation extracts were analysed 
I 
I I for glycogenic activity by means of the mouse 11 ver glycogen 11 
I I 
·.o:=-=====--=-- --- ---
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, 
assay of Dorfman. When bioassayed, extracts from the incu- I 
bation of DOC showed a small but significant amount of gly-
cogenic activity. Incubated Substance S also showed some 
activity, but the control animals in this assay were ab-
normal. 
Because the reliability of these bioassays is 
doubtful, further study, including the bioassay of tissue 
blanks should be performed. 
II 
I 
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